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The writer of this thesis believes that the most important thing 
next to the original construction cost of a road, is the maintenance 
cost. It is apparent that the maintenance cost for~ given road·is 
directly proportional to the percentage of worn out sections in that 
road. It is believed that climatic conditions are the very first cause 
of road failures and that traffic on the road often has a secondary 
degree of importance in the causing of road surface failures. 
Several years ago, at a meeting of the American Road Builders 
Association, it was made clear to the whole nation that in case of a 
severe and abnormal winter, the frost damage to the nation's highways 
is about one billion· dollars. 
It must be kept in mind that much needed new political and commer-
cial highway construction will have to be delayed as funds appropriated 
for this purpose are used for necessary repairs to existing damaged 
roads. 
It is obvious that extreme heat as well as extreme cold will ruin a 
road. A heavy traffic volume on a hot asphalt surface will naturally 
penetrate the surface and cause some roadway irregularities. The most 
common example of this fact is an asphalt airfield runway that sustains 
relatively heavy loads, during periods of warm weather. 
The rubber asphalt roads constructed before World War II in Belgium, 
Holland, and in England, as well as in the East Indies, prove that de-
spite war damages, heavy mill tary traffic, and lack of care and mainten-
ance, are more durable and superior than our present roads. 
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Realizing the importance and possibilities of such asphalt-rubber 
road construction in America, many well known rubber companies sent their 
experts overseas in order to study and investigate the means by which our 
present construction methods could be applied to this type of road. 
Simultaneously, these companies started asphalt-rubber research in their 
extensive laboratories. 
In the summer of 1949, the Virginia Highway Department constructed 
three test strips containing powdered rubber on route 250. By means of · 
these experimental sections, they attempted to find out the probable im-
provement in the skid-resisting properties obtained when a small amount of 
powdered rubber was added to the various asphalt mixtures. 
Mr. Tilton E. Shelburn, Director of Research, Virginia Department of 
Highways, states that (l), "Information concerning foreign experiments 
with ·rubber in bituminous road surfaces indicates that such combinations 
may have merit. It is claimed that the addition of small percentage of 
rubber resUlts in a more durable mixture - one that is less susceptible 
to temperature changes, thereby having less tendency to bleed or shove 
at high temperatures or to crack at low temperatures. Resistance to 
skidding is also said to be improved." 
Upon completion of these field tests, research engineers of Virginia 
Highway Department published a complete report containing nine important 
conclusions. The last sentence of their report reads as follows (2 ): 
11It is suggested that comprehensive laboratory research be conducted to 
determine fundamental properties of rubber asphalt." 
This statement furnishes an objective for this study. The primary 
being to determine, by means of laborator.y tests, same characteristics 
(1) Bulletin No. 27; (1950), Highway Research Board, Page 13. 
(2) Bulletin No. 27, (1950), Highway Research Board, Page 23. 
of common asphalt-rubber mixtures that will lead to a better understand-
ing of these rubber-asphalt mixtures. 
While this study will not solve all of the problems connected with 
rubber-asphalt mixtures, it is hoped that the results of the study will 
fumish a sound basis for future research in the rubber-asphalt field. 
PUBLIC OPINION 
Any discussion of rubber-asphalt mixtures must consider public re-
action to its use. The average layman is likely to question the use of 
a material as expensive as rubber. The writer would ·like to answer this 
question by quoting from the January l, 1950 issue of "Better RoadsnC3). 
"Why use an expensive material like rubber in a road surface? Experience 
in Holland and the East Indies indicates that the addition of even ·a small 
percentage of rubber noticeably affects the properties of bitumen and 
bituminous mixtures. Among the advantages claimed of rubber-bituminous 
mixtures are the r ollowing: 
"BETTER STABILITY: - Tests conducted in the Netherlands have shown 
that the addition of rubber powder to bitumen _reduces the influence of 
temperature on the penetration; thus the material is less susceptible . 
to temperature changes than ordinary asphalt. In exploratory tests re-
ported by the Virginia Department of Highways on mixes with up to 15% 
rubber blended at temperatures of from 340 - 375° F. (170 - 190° C.) it 
was found that penetration, ductility and flow decreased and the soften-
ing point increased with increasing amounts of rubber. 
"MOIS'IURE SEALING: - It is claimed that a seal coat of rubber bitum-
inous mix is particularly effective in preventing water from seeping down 
through the surface. '!he stoppage of water seepage through a roadway in 
(3) Merle E. Doon, Better Roads, Rubber in Road Surface, Jan. 1950, Page 31. 
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most cases will mdnimize the frost action. 
"ANTI-sKID PRCFERTIES: - The addition of the rubber has been frund 
by Dutch observers to increase the friction between tires and a bitumin-
ous surface, particularly at high speeds. Sufficient study of the resist-
ance to skidding offered . by rubberized surfaces has not been carried on in 
this country to permit reporting c cnclusi ve results o 
"REDUCED MAINTENANCE EXPENSE: - The addition of rubber produces more 
stable and water proof surfaces. Maintenance expenses should be reduced, 
other factors being the same. 
"DUSTLESS SURF ACES: - Bituminous ·surfaces contain :I ng rubber are re-
ported to be clean, and will not become dusty with use." 
· The arguments set forth in · "Better Roads" are strengthened by re-
search results reported in a current Firestone Rubber Company Bulletin. 
The following is a quotation from that bulletin (4). 11It. has been found 
that use of rubber powder in asphalt surfacing has the effect of binding 
the asphalt more tightly into the road and, at the .same time, it tends to 
prevent the softening· and breaking down of the . pavement under heavy traffic 
in hot weather. In cold weather, the rubber has the effect of retarding 
contraction, and, therefore, helps prevent water and frost from penetrat-
ing and disintegrating road surfaces. In other words, rubbe~ acts as a 
modifying agent and gives every promise ·or extending the life of our 
roads, thus substantially reducing repair and maintenance costs by pro-
tecting them from weather deterioration and traffic disintegration." 
While · most discussions of rubber-asphalt mixtures in this study will 
concern highway construction, it should be remembered that rubber-asphalt 
. mixtures may be used not only for highway construction but also for · air-
(4) Firestone News Service, 1950, pp • . 3 - 4. 
5 
field, playground, city street, parking lot, and tennis court ccnstruc-
tion. It is believed that by using these rubber-asphalt mixtures not 
only will millions of dollars be saved each year, but a marked decrease 
in the number of highway accidents will be notedo 
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REVIEW OF LITERATUHE 
The use of rubber in road surfaces is not a new idea. Rubber in 
asphalt . mixtures has been used for many years all over the world. In 
1927-29 they were used in Holland and England as paving block near· hos-
pitals and schools. In 1929 these mixtures were used as highway lane 
ma·rkers, as center strips and pedestrian lanes in the United States. 
Rubber-asphalt mixtures have also been used as expansion joint filler 
material for concrete highway construction. It had been found that as-
phalt mixtures gave trouble during periods of cold and hot weather, by 
expanding or contracting. The use of rubber asphalt mixtures proved 
advantageous as a joint material because they furnished a tight seal 
that prevented the leakage · of water through the joint at · these extreme 
temperatures. 
Several concrete curing processes have used rubber compounds as a 
moisture proof coating material. Rubber has also been used in concrete. 
The presence of rubber in concrete tends to produce a small amount of 
flexibility and resiliency in the resultant concrete. Rubber-cement 
wearing surfaces have been used in dairy bam construction. 'lbese sur-
faces have proven very durable. 
In 1947, Akron, Ohio constructed the first rubber-asphalt street in 
the United States _(5). "The most logical site for the first rubber street 
in the United States, thought Akron officials, would be their city, the 
rubber capital of the world." 
Engineers representing both the Firestone and Goodyear rubber co~ 
panies collaborated with the engineers of the Olio Highway Department in · 
(5) Earl A. 'lbomas, Highway Magazine, Rubb.er in Highway Construction, 
October 1949, Page 236. 
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conducting tests on several types of rubber-asphalt surfaces. Test sec-
tions were laid on heavily traveled routes. After a severe winter it was 
observed that there had been no indication of frost damage. Another fact 
reported by highway maintenance authorities of <llio was that these test 
surfaces were easier to clear of snow and ice. 
The procedure for the preparation of the Akron, Ohio test sections 
was as follows: The materials used included 1200 poWlds of rubber and 
.300 gals. of asphalt, plus a quantity of crushed rock. Rubber was· used 
in two percentages, namely. 5 and 7. 5%. 'lhese percentages were based on 
the weight of asphalt. The asphalt used was heated to 300° F. then the 
. powdered rubber was slowly added and mixed with the asphalt approximately 
two hours. To Obtain a definite comparison for results on test sections, 
one half of the experiment sections were surfaced with an asphalt-rubber 
mixture while the other half was surfaced with a standa~d asphalt mixture. 
In these Akron, <hio tests, Goodyear Rubber Company officials found 
out that .the cos:t of adding powdered rubber to asphalt for paving purposes 
did not exceed 10 cents per square yard, when a li inch wearing course was 
used. 
The Rubber-asphalt experiments carried on ·in the State of Virginia 
can be discussed under the following two headings: 
LABORATORY TESTS: - The Division of Tests of Virginia Depart~rent of 
Highways conducted experiments to determine the effect upon penetration, 
softening point, ductility and now of asphalt mixtures containing ·5% and 
10% powdered rubber. (As used in this thesis, the percentage of rubber is 
always based on the ·weight of asphaltic oil~ Both natural and reclaimed 
rubber were used in these experiments. Mixture was obtained by stirring 
the powdered rubber into the asphalt at 222° F. The results of these 
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investigations indicated that natural rubber has a much greater effect 
in a rubber-asphalt mixture than reclaimed rubber. The addition of 
natural rubber resulted in low penetration, higher softening points, and 
lower flow values. It was also found that natural rubber became homoge-
nous with the asphalt between 170 - 190° c. (338 - 374° F.) while the re-
claimed rubber showed no indications of similar action up to 250° c. · 
(480° Fo). In working with the natural rubber there were indications that 
the reaction was taking place slowly below 170° c. and if the temperature 
were held const·ant for a period of time the mixture might proceed to com-
plete bomogenity. 
The Virginia Council of Highway Investigation and Research made lab-
oratory studies to determine the effect of the addition of snal.l percent-
ages of powdered rubber on the physical properties of bituminous concrete 
sand· asphalt mixes, type F-1. Three types of powdered rW>ber were used, 
namely; natural, reclaimed, and synthetic. The quantities of rubber were 
varied in increments of 2% to from 0 to 10% by weight. 
The physical properties studied included the following: specific 
gravity, theoretical density, percent solid volume density, flow, and · 
stability. The specimens were prepared in accordance with the procedure 
as given by the llarshall Method {6). 'Itle powdered rubber w~s thoroughly 
mixed with heated aggregate prior to the addition of the heated asphalt. 
Later another series of te.sts was made as described above except the 
powdered rubber was added to the cold asphalt then heated to the desired 
temperatures. No results of these tests have been published. 
FIELD TESTS: - These tests include sections built on Route 250 west 
of Richmond, Virginia by the Virginia Department of Highways in the sWIJD.er 
(6) Marshall Method for the Design and Control of Bituminous Paving l!ix-
tures, Feb. 1949, mentioned in a lett~r from llr. Tilton E. Shelburn. 
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of 1949. These tests comprise one of the most important series of tests 
conducted on rubber-asphalt surfaces to date. Tests included the use of 
natural and reclaimed rubber. Also instead of hand construction methods 
machine methods were used. 
A test section 1000 ft. in length was constructed using a binder 
course covered by bituminous concrete (F-1 sand asphalt) w~aring surface 
to which a small percentage of natural rubber had been added. Adjacent to 
this test section a control section was constructed. This control · section 
. . 
was identical to the test section, with the exception of the rubber-asphalt 
wearing surface. 
Another experimental section was built using reclaimed rubber and also 
adjacent to that, another control section without rubber was constructed. 
In a third experimental section a natural rubber-asphalt mixture was 
tried as a seal treatment. 
In section one, 6% rubber by weight of asphalt was used. The powdered 
rubber passed a No. 20 sieve and was retained on a No. 80 sieve~ '!he rubber 
and aggregate were mixed at 300°- 325° F. (150- 163° C.) for 15 sees., 
then asphalt was added at 215° F. (102° c.) and mixing continued for an-
other 45 sees. After cleaning the surface of the road, a tack coat followed 
by a bituminous ccmcrete binder course was applied. 'lben .~e bituminous 
concrete wearing surface was applied at a rate of 62.5 - 65.5 lbs. per sq. 
yd. Immediately after placing the wearing surface both sections were rolled 
with 7 and 12 ton tandem rollers. 
Section two was identical with section one except that recla~ed rubber 
replaced natural rubber and the wearing surface was applied at the rate of 
124.7 lbs. per sq. yd. 
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Section three was constructed using a cut-back asphalt (RG-2). The 
asphalt was heated to 180° F. (82° C.) and 5% powdered natural rubber, 
by weight, was added and slowly mixed. This mixture was applied to the 
road surface at the rate of Oo27 gals. per sq. yd. and covered with about 
25 lbs. per sq. yd. of No. 12 crushed stone. The road surface was then 
rolled with a 7! ton tandem roller followed ~y a rubber tired rollero 
After the construct~on of experimental sections many follow-up 
studies were made. They included Visual observations, Road Roughnes~ 
tests, and · Skid-Resistance· tests. Only the Skid-Resistance test was made 
on all of the three sections. The Roughness test was made only on section 
·one. The Visual observation test was made on section two • . 
The results and comparisons of Skid-Resistance tests are shown on 
·Table I. 
( 7) "Many photographs were taken during the construction of each 
section. In addition, moving pictures were made during construction and 
while performing skid resistance tests on section one. These pictures 
show many construction details that will be of value in future studies. n 
Unfortunately these photographs are not available, but the writer 
feels that the pictures of the Mi.lwall:kee test strips, taken by the Fire-
stone Rubber Company, will illustrate the construction of ·rubber-asphalt 
roads. 
No results of these tests have been published. 
(7) Highway Research Board, December 1950, Page 19. 
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Before discussing the test procedure it will be worth while to men-
tion several facts • . First, the writer did n·ot have any previous test re-
sults for comparison purposes. Therefore in order to be sure of his re-
sults, it was . deemed necessary to repeat all .tests at least two or three 
times. Secondly, as there is no special method by which to test rubber-
asphalt mixtures, the writer was obliged to use the AS'nl methods. 
MC-4 and RG-2 cut-back asphalts were selected as the bituminous 
material to be used. The tests were concentrated on MC-4, the _reason 
being that this material is the most common type of asphalt used in 
Turkey where the writer thinks that he may continue his research. 
Correspondence with several authorities indicated that present tests 
are not adequate for testing rubber-bituminous mixes. It is also widely 
felt that the effect or temperature in blending rubber-asphalt mixtures 
is very great and must be carefully controlled in order to duplicate 
mixes. 
MATERIALS USED 
The Missouri Highway Department and the Shell Oil Company furnished 
the writer several · cut-back asphalts, MC-4 and Rc-2. Two types of powdered 
rubber were supplied by the Goodyear Rubber and Tire Company. 1hese types 
were Polybatadiene.and GR-S rubber. 
It was felt that since the Goodyear Rubber and Tire Company is coo-
ducting research on this subject, they supplied the most efficient powdered 
rubber that can be used in this type of research. 
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Both Polybatadiene and GR-S are classified as synthetic rubbers; 
the difference is in their manufacture. Polybatadiene rubber can not be 
vulcanized, while GR-S rubber can. 
In the rubber industry, ·vulcanization is a very important process. 
A ~cientific explanation of vulcanization can be given as follows ( 8): 
"Vulcanization is a change in condition usually affected by heat,ing with 
sulphur, and is best defined by contrasting the difference in physical 
properties." 
These physical changes after the vulcanization process are shown 
below: 
UNVULCANIZED 
Low · strength 
Low recovery when stretched 
and released 
High plasticity 
High solubility in solvent 
High freezing point 
Low softening point 
PROPERTIES OF RUBBER USED 
VULCANIZED 
High strength 
High recover,y when stretched 
and released 
Low plasticity 
Low solubility in solvent 
Low freezing point 
High softening point 
1. Polybatadiene: '!his class of rubber can not be vulcanized. It 
has a high resistance to oxidizing agents and corrosive chemicals. It can 
be used in mixing with grease and oils to improve their viscosity at ex-
treme temperatures. 
2. GR-S Rubber: This is the type of American made rubber used most 
extensively in tire manufacture. It · is not resistant to oils and can be 
. vulcanized. 
(8) Harry Barron, Modern Synthetic Rubbers, Sec.Ed., Pages 12-13, 1945o 
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Most of the tests were conducted using Polybatadiene rupber. A 
reason for this being the ability of Polybatadiene rubber to resist the 
chemical action of an olio GR-S rubber was only used to check various 
results obtained from the other type of rubber. For this check only the 
most practical temperatures were usedo 
DISCUSSION OF TESTS 
The first step in our tests was the determination of physical char-
acteristics of :MG-4 and RG-2 and checking these with the Missouri ·Highway 
Department specifications. According to the specifications all of the 
tests, except the nash and fire poirit tests, conducted· on MC~4 were run 
on the residue obtained at 400° Co MG-4 asphalt being a medium cure as-
phalt had a very low flash and fire point. 
After checking the properties of MQ-41 the next step was the mixing 
of rubber with the asphalt. 
TESTS WITH RIJBBER 
The first test attempted, on a rubber-asphalt mixture, was the stan-
dard distillation test. Ten percent by weight of asphalt oil Polybatadiene 
rubber was added to the Mc-4 asphalt at room temperature. The mixture was 
then heated. This test went all right up to 230° c. (446° F.). At this 
temperature the mixture started increasing in volume. When. the tempera-
ture reached 260° C. (500° F.) this exPansion forced the writer to stop 
the test. This test was repeated several times in order to be sure about 
this expansion. After a series . of tests the writer was convinced that 
addition of rubber to asphalt tended to increase the volume of the mixture 
during heating. (9)uv.lhat actually happens when a small amount of pulver-
ized rubber is added to bituminous mixes? Technologists conducting 
(9) Merle E. Dowd, Better Roads, Rubber in Road Surface, October 1950, 
Page 33o 
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research in the Netherlands report that when rubber is mixed into hot 
bituminous materials, the _ rubber swells with the absorption · of lighter 
oily constituents of the asphalt. The rubber particles expand to 5 or 
6 times their original volume. This is believed to account for the de-
velopment of a system resulting in greater hardness in _ the mix than when 
the bituminous materials are used alone." 
In a second attempt the writer obtained a large flask and tried the 
same test in this container. ·He observed the same expansion betwe·en temp-
eratures at 2)0° c. (446° F.) ·and 300° c. (572° F~). After the tempera-
ture of 300° C. -was reached, volatile materials tried to escape. But all -
-of them condensed inside the cup before leaving it. When the temperature 
of 400° C. (752° F.) was reached, the residue contained so much volatile 
material that all the tests on it were a complete failure. Therefore, it 
was ·assumed, if vol~tile materials stay in the bo~ of asphalt, _no matter 
how high a temperature is reached, they weaken the physical properties. 
Then the writer tried to find a means of overcoming this condensa-
tion. A specially chosen tin can was placed over the flask and filled 
with asbestos to the top. - It was hoped that this device would cut heat 
loss to a minimum. Cbservation indic;ated that · this system failed due to 
the condensation of volatile material at the rubber stopper. 
It was clear at the end of the tests that a special apparatus was 
needed to run the distillation test of rtibber-asphalt mixtures. 
The writer tried to obtain similar results by some other method. 
He thought of reaching a temperature of 400° c. in an open cup. '!hus he 
mixed rubber with asphalt at room temperature and started to heat. · Be-
tween temperatures 250° -300° c. (482 - 572° F.) expansion again occurred. 
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After a temperature at 300° c. was reached, a very thick and bad smell-
ing smoke started to appear and at 360° C. {680° F.) it was impossible 
to continueo This was the maximum temperature that could be reached 
using this method of testing. 
Next the writer heated plain asphalt in an open cup to 400° C •. and 
added rubber to the residue obtained at that temperature. Also there was 
another possibility. This possibility was adding rubber to the distillate 
of plain asphalt at 400° c. (752° F.). 
These last two ideas were successful. It was observed that when rub-
ber is added to the asphalt at 400° c. it gives good results compared with 
the rubber added to the distillation residue at the same temperature. 
This indi.cates that heating in an open cup is better than heating in a 
closed cup. The writer was satisfied with the penetration tests and did 
not see any benefit of running other ASTM tests at these very high temper-
atures. It is felt that these temperatures are too high for field use. 
The writer then tumed his efforts to more practical temperature 
ranges. He knew from previous experiments, with this rubber, that it 
started to become homogenous with the asphalt at 235° C (455° Fo). The 
writer decided to run most of the experiments between the temperatures 
of 225 - 270° C. (437- 518° F.). It was felt that best working temper-
ature for rubber-asphalt mixtures was between these two limits. 
Before the blending temperature of 225° C. was reached, the rubber 
did not properly mix with the asphalt to provide homogenity. ()l the other 
hand, if heated above the temperature of 270° C. the heat started to ruin 
the properties of rUbber and force them into chemical reactionso 
Several years ago, when rubber-asphalt mixtures were used in expansion 
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joint fillers, it was observed that (lO), "The failure of some rubber-
asphalt compounds to serve satisfactorily has been traced to overheating 
these materials and holding them at high temperatures for long periods 
at the time of pouring. Such treatment causes chemical changes that alter 
the physical properties of materials. Laborator.y tests indicate that 
rubber-asphalt compounds should be heated to closely controlled optimum 
temperatures, pre-determined for each particular blend. Batches should 
not be heated for extended periods." 
While continuing tests between the blending temperatures of 225 - 270° C. 
the writer was faced with another question. This time it was the way of 
mixing rubber with the asphalt. There were three solutions, namely: 
1. Mixing the rubber and asphalt at room temperature, 
2. Mixing in the rubber when the asphalt had reached 
the required temperature, 
3.· Mixing the rubber to the asphalt residue, when the 
distillation had reached a required temperature. 
The results of varioue and repeated tests were required in order to de-
termine which of these solutions was going to prove correct. At the end 
of numerous experiments, the results indicated that when rubber is added 
to asphalt, in an open cup, after it has reached the required temperature, 
the best and most efficient results will be obtained, provided the mix-
ture has been thoroughly .stirred. Of course it is natural that these re-
sults are also a function of the amount or the percentage of rubber used 
in the mixture. 
The writer tried to run all the necessary experiments. Namely: at 
various temperatures, at various procedures, with various percentages of 
(10) Richard H. Lewis, Public Roads, Rubber as a Concrete Joint Filler, 
Vol. 24, No. 11, 1949. 
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rubber, with different asphalt, and with different rubber. '!he aim was 
to compare the results and try to find out the optimum workable blending 
temperatures and at the same time find out the optimum percentage of rub-
ber at this temperature .. 
The second phase of testing employed GR-S rubber between the practi-
cal blending temperatures of 225 - 270° c. GR-S rubber, although it was 
vulcanized, showed poor results during the series of tests. It is a pos-
sibility that time is a factor in the use of this type of rubber. 
The third phase employed the use of an RC-2 cut-back asphalt under 
the same conditions as those for an MC-4 cut-back asphalt. It was ob-
served during the series of tests that the RQ-2 cut-back asphalt gave the 
poorest results. The reason being, naturally, that the high volatile 
materials in the construction of the asphalt were held by the particles 
of the powdered rubber. 
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EXPERIMENTS 
In order to determine the conditions of a road surface, say ten 
years from today, there are several accelerated laboratory tests that 
one can run in a laboratory to determine the probable conditions with-
out waiting ten years. 
These tests, which are assumed to be correct for plain asphal~ic­
cement mixtures, may not be good for the determination of physical prop-
erties of rubber-asphalt mixtures. In fact they are not good. Therefore, 
although we used these methods of tests in our experiments, it was felt 
from the beginning that they will have to be modified. 
The tests required for the deter.mination of physical properties of 
plain asphalt cement mixtures are as follows: 
DISTILLATION TEST - (Fig. 1) 
This test was conducted according to the ASTM method D 402. While 
conducting the distillation test, samples of the residue were taken at 
various temperatures. These samples were taken in order to fumish a 
comparison for the open cup residues mentioned earlier. Distillation 
tests are generally applied to liquid asphaltic products in. order to 
determine the amount and character of asphaltic residue remaining after 
the volatilization of their lighter constituents. 
PENETRATICN TEST - · (Fig. 2) 
This test is designed to determine the hardness of an asphaltic 
cement by measuring the distance that a standard needle will penetrate 
vertically. This test was conducted according to the ASTM method D 5. 








room temperature. After cooling to room temperature they were put into 
a water bath maintained at 25° C. and kept there about an hour. When 
the specimens were ready to leave the water bath, they were taken to the 
standard penetration machine ·for testing. In all the tests a standard 
needle and a weight of 100 gms. at 25° C. at 5 sees. was usedo 
DUCTILITY TEST - (Fig. 3) 
This test was conducted according to AS'D! method D ll3. By defini-
tion the ductility is the Qistance in centimeters that a standard bri-
quette of asphalt cement will stretch before breaking-. The rate of pull, 
or separation, of the two ends of the briquette is 5 em. per minute. As 
was done in the penetration test, the specimens, after being cooled to 
room temperature, were taken to a water bath maintained at 25° c. and 
allowed to remain there another one and one-half hours. The final step 
was to test the briquette in a standard ductility testing machine. 
FLOAT TEST - (Fig. 4) 
The float test, by definition, is a modified viscosity test adapted 
for use with small quantities of very viscous asphaltic products. It is 
a measure of time in seconds required for a small plug of chilled mater-
ial, which is held in an open mold attached to the bottan of an aluminum 
saucer, to become sufficiently fluid to allow water at 50° ·C.. to break 
through into a floating saucer. 
First the specimen was let to cool at room temperature as done in all 
tests. Then the specimen was put into a water bath at 5° c. for approxi-
mately 15 minutes. The next step was to screw the plug into an aluminum 
saucer and put the saucer into water bath at 50° c. The experiment ended 







RING AND BALL TEST - (Fig. 5) 
This test is of importance in determining the stability of various 
bituminous materials. This can be found by finding out the softening 
point of the asphalt. The test was conducted according to the ASTM 
method D 26. After the usual procedures the specimens were put into a 
water bath at 5° C. where they stayed approximately 15 minutes. After 
removal from the water bath, steel balls were put on top of the speci-
mens in the rings and were subjected to heat by means of a second water 
bath with an initial temperature of 5° c. The temperature in the water 
bath was increased at the rate of 5° c. per minute until the steel balls 
had dropped 1 em. 
VISCOOITY TEST 
It was clear from the beginning of the tests that if the rubber 
particles in the mixture remained as separate particles, which observa-
tion proved true even at high temperatures, it would be impossible to 
run the viscoai ty test of the mixture. The reasoning was that these 
tiny particles of rubber would remain on the viscosimeter .filter, and 
close the holes. Therefore it was thought that t~e float test would 
accomplish a similar purpose. 
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Fig. (5) 
RING AND BALL TEST 
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RESULTS 
At this point, the writer feels that an examination of the results 
obtained through experiment is in order. 
For the readers' benefit the results of each test will be considered 
separately. It is hoped this type of discussion will help the reader com-
pare the experimental results and follow the influence of various factors 
on rubber asphalt mixtures. 
PENETRATIOO 
These test results should be discussed under several headings. The 
effect of blending temperature, the effect of various percentages of rub-
ber, the effect of different types of rubber, the effect of different 
types of asphalt, and finally the effect of atmospheric conditions over 
a certain period of time, are the main points that will be taken into 
consideration during the discussions. 
Consulting Chart No. 1, it will be observed that at every stage of 
heating, plain asphalt (RG-2 or MG-4) had the greatest value of penetra-
tion. This fact proves that at any stage of heating, regardless of amount 
of rubber used, rubber improves the mixture with regard to penetrationo 
Increased blending temperature also had a positive effect on the penetra-
tion. For example, at the blending temperature of 225° c. plain asphalt 
(MC-4) had a penetration of 700; at 300°_ C. this decreased to 300; and 
at 400° C. it became 75. 
When different rubber-asphalt mixtures were tried, the results were 
found to be similar. In other words, as blending temperatures increased 
the penetration values decreased. A justification of this statement is 
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found when one takes the 7. 5% rubber content mixtures and examines the 
penetration results at all blending temperatures. . 
Blending 





300 288 * 
400 54 
400 150 #. 
Distillation residue mixtures had a higher penetration value, but 
as was explained in preceding pages, this difference was due to the ab-
sorption of volatile material by the rubber particles. 
For different types of rubber the writer observed the same kind of 
changes due to the effects of blending temperatures. For example, note 
the results of a 10% mixture of polybatadiene rubber and RC-2 asphalt. 
Blending 




A uniform decrease will be ·noted. If one takes GR-S rubber (10%) in 
asphalt (MG-4), he will observe a similar decrease. 
· Blending 






(*) Rubber was added to cold asphalt at room temperature. (#) Rubber was added to residue at this temperature. 
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Paralleling temperature effects, the percentage of rubber also shows 
an influence on the penetration properties of rubber asphalt mixtures. If 
again Chart No. 1 is consulted, it will be seen very clearly that an in-
crease in rubber content decreases the penetration. This fact is true 
for ever.y procedure and for every type of material. If more than 10% of 
rubber, by weight of asphalt oil, is added, it can be seen very clearly 
that the penetration values decrease. For example, take the case of 
blending temperature 250° c. 
Percentage of Rubber by Penetration 







¥\hen all results are compared, it can be observed that the best 
penetration values are available at very high blending temperatures, 
but as was mentioned before, these temperatures are impractical for 
field use. Therefore if one tries to choose a satisfactory blending 
temperature, he must stay between the limits of 225° C. and 270° c. 
It was observed that mdxtures at a blending temperature of 225° c. 
resulted in very soft specimens. Penetration values of mixtures with 
15% of rubber at 225° C. were greater than the penetration values of 
mixtures with 10% rubber at 250° C. and 5% at a blending temperature 
of 270° c. 
These conditions also hold true for GR-S rubber. As shown by ex-
perimental results on residues from distillation tests, at blending 
temperature of 225° C. a mixture containing 10% GR-5 rubber by weight 
of asphalt oil gave a penetration value of 159. This same mixture gave 
a penetration value of 140 at 250° C. 
Results on residues, after the distillat~on test, showed the same 
decrease: 
at blending temperature 225° c. penetration was 600 
at blending temperature 250° c. penetration was 510 
. 0 
at blending temperature 270 C. penetration was 275. 
These figures proved, experimentally, that as far as penetration 
is concerned, the optimum practical results were obtained at blending 
0 temperatures of 250 C. The most efficient mixtures were the cambina-
tion of MG-4 cut-back asphalt and 7.5% to 10% polybatadiene rubber. 
Tests on the specimens, after a 20 to 30 days aging period, did 
not show any particular and valuable change; but the writer still be-
lieves that mixtures allowed to age long enough . will show ccnsiderable 
hardness and durability. 
DUCTILITY 
As was the case with penetration tests, the ductility of· mixtures 
was effected by a change of blending temperatures . as well as by a change 
in the percentage of rubber. The type of rubber and the test procedure 
are other important factors which change the values of ductility tests. 
The best ductility results were obtained at a blending temperature 
of 250° C. It can be observed in Chart No. 1 that the specimens did 
not break at a blending temperature of 225° C., with 10% rubber, by 
weight of asphaltic oil, and at a blending temperature of 250° c. with 
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7.5% rubber. But at a blending temperature of 270° C. with a rubber con-
tent of 10%, by weight of asphaltic oil, the ductility test failed at 
98 em. It can be logically concluded that as far as the ductility tests 
are concerned the optimum temperature is 250° C. and the optimum percent-
age of rubber is 7.5%. These results are good only for MC-4 asphalt and 
polybatadiene rubber mixtures. 
When GR-s rubber was used it was observed that ductility samples 
never failed at blending temperatures of 225° C. and 250° c. These tests 
were run with 10% GR-3 rubber. 
The poorest results were obtained when the residue obtained from the 
distillation test was used. It can be seen in Chart No. 1 that all of 
these ductility specimens failed. This was due to the presence of vola-
tile material in the specimens• 
As a conclusion it can be stated that the most desirable and work-
able blending temperature was 250° c. The best results were obtained 
from a mixture of 7.5% polybatadiene rubber and a MG-4 cut-back asphalt. 
RING AND BALL TEST 
Determination of softness is directly dependent upon time and blend-
ing temperature at which the balls pass through the rings and touch the 
bottan plate. Of course when much time as well as higher temperatures 
are obtained the better the resultso 
In this series of tests the writer observed that the best results 
were again obtained by blending the mixture at 250° c. The average re-
sults of specimens were: 
12 minutes at 60° C. with 7.5% rubber. 
All the other results were weaker than above results. 
When GR-s rubber was used it was observed that it required almost 
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half the time and temperature for the balls to pass through the rings. 
(At a blending temperature of 250° c. 6 min. 15 sees. @ 35° c.) 
When the tests were conducted on the distillation residue, because 
of volatile action results were the weakest of all. (At a blending 
temperature of 250° c. 5 min. 45 sees. @ 40° c. for 10% rubber.) 
As a conclusion it can be said that best mixtures for Ring and Ball 
tests were obtained at a blending temperature of 250° c. with 7.5% 
polybatadiene rubber which gave a result of l2 minutes at 60° c. 
FLOAT TEST 
The time required for water to break through the mold is dependent 
upon the percentage of rubber in the mixture. Also it is dependent upon 
the blending temperature to which the asphalt specimen was heated. It 
was natural that, as was observed in other tests, the ty:pe of material 
used in the mixture and the mixing procedure had a great effect an the 
test results. 
Results of these tests caused the writer to feel that optimum re-
sults were obtained at a blending temperature of 250° c., where the time 
required for test completion was 35 minutes 15 sees. using 5% polybatadiene 
rubber by weight of asphaltic oil. However, resUlts at a blending temper-
ature of 225° c., which was 30 minutes 15 sees. using 10% polybatadiene 
rubber is good. But if it is compared with the re~ts at 250° C. it is 
seen that it required two times the rubber content. A blending tempera-
ture of 270° c. is too high for field use, also the results obtained are 
inferior. (25 minutes 15 sees. for 10% rubber.) The tests at a blending 
temperature of )00° C. had an average result of 29 minutes 45 sees. for 
10% rubber. This is still too high a temperature for field use. 
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In the case of GR-8 rubber one interesting thing was observed that 
the addition of rubber to the mixture increased the time of flow. At a 
blending temperature of 250° C. when 7.5% rubber was used, the time .of 
flow was 10 minutes. But when 10% rubber was used the time of flow be-
came 12 minutes. This proved, experiment.ally, that the addition of rub-
ber has an influence upon the flow of a rubber~asphalt mixture. This 
influence delayed the action of flowo 
When residues of distillation were used, the weakest results were 
again · obtainedo It took a certain specimen with 10% rubber 3 minutes 30 
sees., mixed at 250° C., to flow through the mold while it took our orig-
inal mixture with a 5% rubber content teri times longer to flow through 
the .same mold. 
It is believed that optimum results for this test were obtained at 
a blending temperature of 250° C., where usually 5% or 7. 5% polybatadiene 
rubber was added to MG-4. The best result .. was 35 minutes 15 sees. at a 
mixing temperature of 250° C. 
·As a summary it can be ·safely stated that optimum mixtures were ob-
tained at a ~ng temperature of 250° C. with a rubber content between 
· 5% or 7o5% by weight of asphaltic oil. 
The best materials for this mixture were found to be polybatadiene 
rubber and an MG-4 cut-back asphalt. 
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CONCLUSIONS 
The main purpose of this study was the determination of the best and 
most practical rubber-asphalt mixture obtainable using the materials 
available. How much rubber, how to mix the materials, and how much to 
heat the materials were the three basic questions that the writer tried to 
answer through laboratory investigations. 
How Much Rubber 
It was observed that addition of rubber to either of the asphalts 
used improved the properties of the asphalt. This was true for all mix-
ing methodso Rubber being an expensive material, should not be used in 
large quantities. Results obtained from 5% rubber mixtures did not meet 
all the desired requirements. The most economical and practical results 
were obtained with a rubber content between 7.5% and 10%. 
Addition or rubber in excess of 10% did not show any particular value, 
and above 10% all indications were that it would prove uneconomical for 
practical use. 
Finally, between reasonable and economical limits it was observed 
that the higher percentages of rubber always resulted in strong mixtures. 
How to Mix 
It was observed throughout the testing process that rubber and as-
phalt united best in open cups. Mixing at room temperature and heating 
this mixture to the required blending temperatures did not prove accept-
able, because or the following reasons: 
The action of volatile materials in the asphalt uniting with rubber 
particles causes expansion at very low temperatures. Also the rubber 
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began losing its properties and the resulting mixture gives poor results. 
"?.ben rubber was added to distillation residues at lower blending 
temperatures (225 - 270° C.) it was observed that the mixtures gave poor 
results. The reason for this was that the residue was not ready to give 
up all of its volatile material. This volatile material tended to enter 
into a chemical reaction. At higher blending temperatures, it was ob-
served that the addition of rubber to the residue gave comparably good 
results. This was because of the evaporation of a large percentage of 
the volatile materials at · high temperatures. 
Time of mixing did not show any particular effect on the physical 
properties of the mixtures. Because once the required temperature was 
reached, complete homogenity was readily obtained. Therefore there was 
no need to continue mixing. But on the other hand the lwgth of time of 
heating had great importance. Because if the mixture was held for long 
periods at high temperatures all the properties of rubber vanished. This 
was caused by disintegration due to chemical reaction. 
How Much to Heat 
The strength of the rubber-asphalt mixtures is always a function of the 
intensity of heating. Heat must be applied to the mixtures in such a 
manner that it will not destroy the properties of the rubber in the mix-
ture. After homogenity is obtained there is no need for further heating. 
When rubber and asphalt are miXed at high temperatures, a very thick 
and bad smelling smoke appears. It indicates that the rubber is entering 
into a chemical combination with the asphalt and disintegration ie taking 
place. 
A 300° c. blending temperature was the te.q:>erature at which the most 
desirable results were obtained. But it was found that this temperature 
was too high for field and practical use. 
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The minimum blending temperature for workability is 225 - 250° c. 
Addition of rubber to the asphalt below these temperatures will have a 
little value; but it may provide a non-skid surface. 
Experimental results show that the most efficient temperature for 
blending is 250° c. 
It was observed that when the mixtures are heated in an open cup, 
instead of a closed cup, they gave better results. 
It can be said that the volatile material escapes more easily from 
an open cup than from a closed cup. 
Sill&ARY OF OBSERVATIONS AND CONCLUSIONS 
As a summary the writer will again mention the important points 
contained in this paper. 
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1 - At any temperature, using any method, any amount of rubber, the 
addition of rubber to the asphalt improves the physical properties of 
asphalt. 
2 - It was Observed that when rubber is added to asphalt, some of 
the volatile materials in the asphalt are held by the rubber. But it can 
be logically assumed that they will evaporate in time. 
3 - In order to obtain optimum results, rubber must be mixed with 
the asphalt after the asphalt has reached the required blending tempera-
ture. 
4 - Time of mixing has little importance. Once the necessary temp-
erature is reached, homogenity is obtained very easily and quickly. 
5 - The length of time of heating is of great importance. If mixture . 
is held at high temperatures for long periods of time all the properties 
of rubber will vanish. This is caused by disintegration due to chemical 
reactionso 
6 - When rubber and asphalt are mixed at room temperatures, they 
can be heated to 225° c. very safely. But once 225° c. is reached, it 
was observed that expansion starts taking place. This fact is also true 
when adding rubber to asphalt at very high temperatures, 300 - 400° c. 
(578- 752° F.). 
7 - The increase of volume is much greater at considerably low temp-
eratures ( 300 - 340° F. ) when · RG-2 is used. 
8 - Expansion is a function of volatile materials in the mixture of 
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the asphalt-cement. Heat is also another main factor. 
9 - The addition of rubber to any kind of asphalt at lower tempera-
tures most likely has little value. However, it may provide a non-skid 
surfaceo 
10 - According to t~e laboratory test results, 300° c. is the temper-
ature which gives the most desirable results. However, this temperature 
is too high for field and practical use. 
11 - The minimum workable temperatures of rubber-asphalt mixtures is 
225 ... 250° c. 
12 - High temperatures and high percentages of rubber always result 
in strong mixtures. Provided that the high temperatures do not destroy 
the properties of rubber throtigh chemical reactions. 
13 - The most efficient blending temperature is 250° c. 
14 - The most efficient rubber percentage is between 7.5% .... 10%. 
15 - It was observed that there was no trend difference between heat-
ing in an open cup and heating in a closed cup. In fact the results ob-




Observations made during the laboratory tests causes the writer to 
feel that some recommendations regarding rubber-asphalt mixtures are in 
order. It is the writer's hope that the following recommendations ·may 
serve as a guide for future research. 
The first of these recommendations is that a new set of specifica-
tions be prepared for each type of rubber-asphalt mixture. The weakness 
of present specifications became increasingly apparent during the writer's 
laborator.y studies. 
The second recommendation is that all present standard asphalt tests 
must be modified. This modification is necessitated by rubber-asphalt 
mixtures inability to withstand high temperatures required by the pres-
ent test procedures. 'Ibis is especially true for distillation tests. 
The third recommendation is that a complete laboratory study of the 
chemical and physical reactions of the volatile materials contained in 
asphaltic oils and rubber be made. 
A fourth recommendation is that an optimum blending temperature be 
found for all rubber-asphalt mixtures before any such mixture is used in 
any field test. It was <:bserved that each type of asphalt and rubber mix-
ture had its own optimum blend:mg temperature. 
The fifth recommendation is that some studies be made to determine 
the most practical way to obtain high blending temperatures in the field. 
The reason for this recommendation is that the optimum blending tempera-
tures are too high for present day heating Plantso 
In order not to ruin the properties of rubber, it is further recan-
mended that rubber-asphalt mixtures not be held at high temperatures for 
long periods of time. 
It is recommended that frost action upon the rubber-asphalt mix-
tures be determined in the laboratory. Some field tests have been ccn-
. ducted along this line by the firestone Rubber Company. 
Another reca:nmendation is that effect of aging upon the removal of 
folatile materials from the body of the mixtures be determined. 
If present ASTM methods are used for the deter.mination of pby~ical 
properties of rubber-asphalt inixtures, it is recommended that there be 
the following changes in the standard lab ora tory equipment: 
Distillation Test - A large distillation flask similar to the stan-
dard type is needed. This is necessitated by the expansion of rubber-
asphalt upon heating. Provision should also be made for obtaining 
specimens at various distillation temperatures. 
Penetration Test - The present standard specification of 100 gms. 
at 25° c. for 5 sees. should be changed to a lighter weight and lower 
temperature, such as 25 gms. at 15° C. for 5 sees. 
Ring and Ball Test - It is recanmended that a new ring and ball 
test apparatus be developed. The new apparatus should have the same 
principal as the present standard type but should have capacity for at 
least five times the number of specimens as the standard apparatus. 
This will allow ten rings to be tested in the same bath. This apparatus 
could have a circular plan. 
Float Test - A larger water bath may be required for the float test 
in order to test five samples at the same time. Also it is recommended 
that diameters of the brass molds be enlarged. 
Ductility Test - It is recommended that the size of the testing 
machine and the water bath be drubled, so that six specimens may be 
tested at the same time. 
Viscosity Test - The filter of the viscosimeter should be changed 
in order that rubber particles in the mixture will not clog the openingso 
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APPENDIX 
Fig. (6) · 
RESURFACING JOB IN .MILWAUKEE 




LAYING AN EXPEHIMENTAL SECTION 
BY FIRESTONE RUBBER AND TIRE C~W ANY 
Fig. (8) 
PROCESSED RUBBER IN THE FINELY PCYNDEP~D FORM 
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and was graduated from Kabatas Turkish High School in June, 1938. In 
1939 he entered Robert College, in Istanbul, a~d obtained the degree of 
Bachelor of Science in Civil Engineering in 1945o 
In 1946 and 1947 he worked on several building construction jobs 
in Istanbul. 
Late in 1947 he entered the Turkish Army with which he served until 
April, 1948. During this time he served as a First Lieutenant in the 
Engineers Corps. 
In 1948 and 1950 he worked for the Turkish Public Works Administra-
tion as a field engineer, as a soils laboratory engineer, and as a grad-
ing engineer. 
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